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Induction of hyaluronan metabolism after mechanical injury curonic acid-b(1!3). It is now well established that HA
of human peritoneal mesothelial cells in vitro. is synthesized at the inner aspect of the plasma membrane
Background. Hyaluronan (HA) is an important extracellu- and extruded directly into the extracellular environmentlar matrix component that is involved in cell movement and
[1]. Recently, three HA synthase genes (HAS 1, HAS 2,tissue repair. In vertebrates, HA synthase genes (HAS 1, HAS 2,
and HAS 3) have been identified in vertebrates, but theand HAS 3) that control the synthesis of HA have been identi-
fied. In this article, we investigated HA synthesis in the response precise interrelationship of these genes to HA synthesis
of human peritoneal mesothelial cells (HPMCs) to injury. has yet to be determined [2]. HA is found predominately
Methods. The expression of HAS 1, HAS 2, and HAS 3 in connective tissue where most of the molecule is boundmRNA and the synthesis of [3H]-labeled HA were examined
to cell surface receptors such as CD44, the receptor forin an in vitro model of peritoneal mesothelial cell damage. The
hyaluronic acid-mediated motility (RHAMM), and tostaining for uridine diphosphoglucose dehydrogenase, a key
enzyme in the synthesis of HA, and biotinylated HA-binding proteoglycans including aggrecan and versican [3, 4]. De-
protein was used to determine the cellular location of HA spite its relatively simple structure, HA is involved in
synthesis and its site of deposition.
several physicochemical and cell biological functions.Results. Growth-arrested human HPMCs expressed low lev-
Because of its charged residues, it accommodates manyels of mRNA for HAS 2 and HAS 3 but not HAS 1. Following
injury to the monolayer, HAS 2 was up-regulated by 6 hours, molecules of water and thus acts as space filler, lubricant,
reaching maximal expression between 12 and 24 hours. In con- and a hydrated matrix through which cells can migrate.
trast, the expression of HAS 3 was down-regulated. During In association with HA-binding proteins, HA has been
the same time period, synthesis of HA was increased in the
implicated with cell migration, tumor invasion, and em-injured monolayer. This synthetic activity appeared to be re-
bryogenesis and in the cell response to injury.stricted to cells at the edge of the wound and to cells entering
the wound. In a separate series of experiments, the addition The peritoneal membrane has a complex ultrastruc-
of HA to the injured monolayer at a concentration range found ture composed of a mesothelial cell monolayer, a discon-
in peritoneal fluid (50 to 3300 ng/mL) increased the migration tinuous basement membrane, and an interstitium ofof cells into the wound in a dose-dependent manner.
mainly type III collagen limiting a capillary plexus [5]. InConclusions. These studies provide evidence that HA is an
patients on peritoneal dialysis, injury to the mesotheliumimportant component of peritoneal mesothelial cell migration.
The results also suggest that in this process, there is differential may be caused by pertitoneal infection or by the repeated
regulation of HAS gene expression and that the synthesis of exposure to bioincompatible dialysis solutions [6–9].
HA is limited to cells located at the leading edge of the wound. Whatever the source of injury, the response of the perito-
neal mesothelial cell to acute injury varies from partial
to complete denudation of the mesothelial cells that line
Hyaluronan (HA) is a nonsulfated glycosaminoglycan
the peritoneal membrane, which is often accompanied
possessing a characteristic disaccharide repeat sequence
by submesothelial fibrosis [10, 11]. Such injury to the
composed of N-acetyl-D-glucosamine b(1!4) and D-glu-
serosal surface may affect the dialyzing properties of the
membrane and lead to cessation of continuous ambula-
1Present address: Division of Nephrology, Department of Medicine, tory peritoneal dialysis (CAPD), a means of replacement
The University of Hong Kong, Queen Mary Hospital, Hong Kong. therapy for end-stage renal failure. Thus, the repair of
the peritoneal membrane following injury represents aKey words: wound repair, peritoneal injury, extracellular matrix, meso-
thelial cell migration, HAS gene expression, tissue repair. critical process by which the remaining cell surface cells
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stood. Past evidence has demonstrated that cell–extra- from patients undergoing abdominal surgery with in-
cellular matrix interactions are required for cell migra- formed consent using established methods [19, 24]. The
tion and, therefore, are likely to participate in at least one cells were cultured in Medium 199 supplemented with
step of the re-epithelialization process of any denuded 10% fetal calf serum (FCS), transferrin (5 mg/mL), insu-
mesothelium. The importance of HA, which dominates lin (5 mg/mL), glutamine (2 mmol/L), streptomycin (100
the first stage in the regeneration of the extracellular mg/mL), penicillin (100 U/mL), and hydrocortisone (0.4
matrix, is highlighted by the therapeutic use of highly mg/mL). All experiments were performed using cells in
purified HA to protect the corneal endothelium from their second passage and were grown to confluence and
damage, to accelerate the repair of tympanic membrane growth arrested for 72 hours in serum-free Medium 199.
perforations and the healing process of damaged articu-
[3H]-radiolabeled hyaluronan assaylar cartilage as well as decreased scar formation in subcu-
taneous wounds [12–18]. Prior to labeling, growth-arrested HPMCs were washed
Recent studies from this laboratory and by others have once with phosphate-buffered saline (PBS), and the mono-
provided some evidence that HA could be important in layer was wounded by multiscratching using a sterile glass
the response of the peritoneal membrane to injury because rod as previously described [23]. Two methods were used
of the continuous use of dialysis fluids and peritonitis in to follow the synthesis of [3H]-radiolabeled HA. In the
patients undergoing CAPD [19–22]. The peritoneal lev- first, cells were incubated with serum-free medium con-
els of HA increase rapidly in response to inflammation taining [3H]-glucosamine (25 mCi/mL) for varying time
but return to the normal resting levels after successful periods (0 to 144 hours). At selected time points, the
treatment of the infection. Since infiltrating cells such as culture medium (CM) was decanted, and the cells were
macrophages and neutrophils do not possess the ability released from the culture flasks by incubation with
to synthesize HA, one cellular source of this polymer in 0.001% (wt/vol) ethylenediaminetetraacetic acid (EDTA)
the peritoneum is the mesothelial cell. Denudation of and 0.125% (wt/vol) trypsin for five minutes at 378C. In
the mesothelium has been described in infection, and the the second method, cells were pulse labeled for defined
augmented HA production may contribute to remodel- periods (Results section), and the cells were released as
ing and regeneration of the peritoneal membrane [5]. described previously in this article. In both approaches,
In this article, we use an in vitro model of wounding the detached cells were added to the CM and incubated
of peritoneal mesothelial cells to evaluate the involve- with papain (3.5 U/mL) in the absence of EDTA and
ment of HA in wound healing [23]. We report that cell cysteine at 658C for 24 hours [19]. Aliquots of HA sam-
damage results in the differential regulation of HAS 2, ples were quantitated by high-performance liquid chro-
an increased production of HA as the wound starts to
matography (HPLC), and their hydrodynamic size washeal, and that the exogenous addition of HA enhances
analyzed under dissociative conditions on Sephacrylhealing.
S-1000. To confirm the presence of HA, samples were
incubated with 10 mU Streptomyces hyaluronidase [19].
METHODS
Cell stainingMaterials
Assessment of uridine diphosphate glucose dehydroge-All chemicals and reagents were of the highest purity
nase activity. HPMCs grown in 35 mm dishes werecommercially available and were obtained from Sigma
wounded as described previously in this article, and uri-(Poole, UK) unless otherwise stated. Sepharose CL-4B
dine diphosphate glucose dehydrogenase (UDPGD) ac-and DEAE-Sephacel were purchased from Pharmacia
tivity of both control and wounded cells was assessed(St. Albans, UK), and sodium hyaluronate (molecular
according to the method of Mehdizadeh, Bitensky, andweight of 4.8 3 105) was a kind gift from Dr. Ove Wik
Chayen until the re-establishment of the monolayer [25].(Pharmacia Opthalmics, Uppsala, Sweden) and was free
The cells were incubated in serum-free Medium 199 upof endotoxin and growth factors. D-[6-3H]-glucosamine
to the last hour before the selected time point when thehydrochloride (specific activity 18.5 Ci/mmol) was pur-
medium was decanted and replaced with 2 mL of 0.05chased from Amersham Pharmacia Biotech (Little Chal-
mol/L glycylglycine buffer, pH 7.8, containing 30% (wt/font, UK). Scintillation cocktail Insta-Gel II Plus was pur-
vol) polyvinyl alcohol, 5.3 mmol/L UDP-glucose, and 1.5chased from Packard (Pangbourne, UK), and glass cover
mmol/L NAD (Boehringer Mannheim, Lewes, UK). Thisslips were purchased from Fisher Scientific (Loughbor-
buffer was saturated with nitrogen, and prior to use, 3.7ough, UK). All tissue culture flasks were purchased from
mmol/L nitroblue tetrazolium was added. HPMCs wereFalcon (Becton Dickinson, Oxford, UK).
incubated at 378C for the remaining one hour. Controls
Cell culture for UDPGD activity included the incubation of HPMCs
in the presence of UDP-xylose instead of UDP-glucoseHuman peritoneal mesothelial cells (HPMCs) were
obtained from specimens of human omentum obtained or in the absence of UDPG substrate. After incubation,
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Table 1. Primer sequencethe reaction medium was removed, and cells were washed
in water and mounted in Aquamount (Merck, Lutter- Primer Sequence Size
worth, UK). a-Actin (sense) 59-GGAGCAATGATCT
Histochemical staining of free hyaluronan. Wounded TGATCTT-39
a-Actin (antisense) 59-TCCTGAGGTACGand control HPMCs were cultured on glass cover slips
GGTCCTTCC-39 204 bpand at selective time points briefly washed with PBS and HAS 1 (sense) 59-AGCAGGACGCGCCCA
fixed with cold acetone for two minutes. Cells were in- AGCCCACTC-39
HAS 1 (antisense) 59-CTTCTTATTCTTGTTCcubated with biotinylated HA-binding region protein
TTTAGCGA-39 562 bp[HABR; 100 mg/mL in Tris-buffered saline (TBS); a kind HAS 2 (sense) 59-TCCCGGTGAGACAG
gift from Professor Michael Bayliss, Royal Veterinary ATGAGT-39
HAS 2 (antisense) 59-ACCCGGTTCGTGSchool, London, UK] at room temperature overnight.
AGATGC-39 495 bpAfter incubation, HPMCs were washed with TBS for 30
HAS 3 (sense) 59-AGTGCAGCTTCGG
minutes, incubated with alkaline phosphatase-conjugated GGATGA-39
HAS 3 (antisense) 59-TGATGGTAGCAATGstreptavidin (Dako, High Wycombe, UK) in TBS con-
GCAAAGAT-39 453 bptaining 20% (vol/vol) chicken serum for 30 minutes, and
washed for a further 30 minutes in TBS. Cells were then
incubated with naphthol-ASMX phosphate, Fast Red TR
salt, and levamisole in 0.1 mol/L Tris buffer, pH 8.2.
(PCR) amplification in a 48 mL volume of mastermixFinally, the cells were washed with water, mounted in
containing 36.25 mL of H20, 5 mL of 10 3 PCR bufferGlycergel (Dako), and viewed under phase-contrast mi-
supplemented with 15 mmol/L MgCl2, 4 mL of DTP (250croscopy.
nmol), 2.5 mL of each specific primer (20 mmol/L), and
Coculture experiment with HA added exogenously to 0.25 mL Amplitaq Gold DNA polymerase (2.5 units).
the wounded cells Amplification commenced with two minutes of denatur-
ation at 948C followed by 34 cycles consisting of 948CCells were grown to confluence in 35 mm dishes and
for 30 seconds, 658C for 30 seconds, and 688C for 90were growth arrested for 72 hours, and a wounding ex-
periment was carried out with serum-free medium con- seconds. The final extension at 688C lasted for 15 minutes
taining HA (50 to 3300 ng/mL). Three control experi- for all PCR studies. To confirm that equal amounts of
ments were undertaken with (1) serum-free medium cDNA was used and to semiquantitate the PCR prod-
alone, (2) HA (3300 ng/mL) predigested with Streptomy- ucts, a-actin was used as the “house-keeping” gene (25
ces hyaluronidase (10 mU) and the mixture boiled for cycles). The sequences of primers were designed as in
five minutes, and (3) boiled enzyme alone. The closure Table 1.
of the denuded area was monitored using an Axiovert After amplification, 10 mL of each PCR reaction mix
135-inverted microscope fitted with an M heating stage were electrophoresed on a flatbed agarose gel (3% wt/
and incubator (Zeiss, Oberkochen, Germany) and a video vol) in 1 3 Tris-acetate-EDTA buffer containing ethid-
camera (C5985; Hamamatsu Photomics KK, Hama- ium bromide (0.5 mg/mL) at 70 V for 2.5 hours. Photo-
matsu, Japan) as we have described previously [23]. graphs of the gels were subsequently taken, and the
density of the bands was evaluated by scanning the nega-Determination of cell growth and viability
tives using a BioRad densitometer. The results were
Growth rates were determined using the MTT assay expressed as the ratio of specific primer to a-actin.
[26], and cell toxicity was assessed by measuring lactate
dehydrogenase released into cell-conditioned medium
as we previously described for mesangial cells [27]. RESULTS
Expression of HAS 1, HAS 2, and HAS 3 after injuryRNA extraction and reverse transcription-polymerase
In a previous study, we demonstrated that when achain reaction for HAS 1, HAS 2, and HAS 3
scratch wound was made in confluent quiescent mono-A wound-healing experiment was set up as detailed
layers of HPMCs, the cells at the edge of the woundpreviously in this article. At defined times, total RNA
migrated toward the center so that closure of the woundwas extracted from the cells using RNA isolator (Genosys,
was achieved after 72 hours [23]. Since a HA-rich matrixCambridge, UK) according to the manufacturer’s instruc-
is known to have a profound effect on cellular movement,tions. Equal amounts of total RNA (1 mg) from each
we examined whether HA was involved in the migratorysample were initially reverse transcribed into cDNA us-
behavior of a wounded monolayer of HPMCs. To achieveing Superscript RNase H2 reverse transcriptase and ran-
this, we determined the gene expression of HAS 1,dom hexamers (hexadeoxyribonucleotides, pd[N]6, 100
HAS 2, and HAS 3 using semiquantitative reverse tran-mmol/L; Pharmacia). Equal volumes (2 mL) of RT prod-
uct were then subjected to polymerase chain reaction scription-PCR (RT-PCR). The data shows that when
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Fig. 1. Transcription of HAS 1, HAS 2, and a-actin following injury of human peritoneal mesothelial cells (HPMCs). The RNA was isolated
from control and scratch wounded cells at the times indicated, and PCR was performed with primers specific for HAS 2, HAS 3, and a-actin as
described in the Methods section. The products were stained with ethidium bromide and were photographed. (A) HAS 2 and (B) HAS 3 show a
representative experiment from three performed. (C) HAS 2/a-actin and (D) HAS 3/a-actin are densitometric ratios obtained following scanning
of the bands. Data are presented as the ratio of HAS 2 and HAS 3/a-actin for the injured cells (j) compared to control experiments (h). The
experiments were performed with HPMCs isolated from three different donors, and the results are expressed as mean 6 1 SD.
normalized to a-actin six hours after wounding, there is sixfold reduction over control cells). The level of mRNA
for HAS 3 returned to resting levels by 96 hours. Thesean increase in the expression mRNA of HAS 2 and that
this was maximal between 12 and 24 hours (15-fold in- findings were consistent in three different experiments
with three different cell lines.crease over control; Fig. 1 A, C). Thereafter, its expres-
sion declined and by 48 hours returned to a level only The expression of message for the gene encoding HAS 1
was not detected in either control or wounded cultures ofslightly higher than that expressed in control quiescent
cells. In contrast to HAS 2, upon injury, there was a HPMCs (up to 40 cycles). The same primers for HAS 1,
however, successfully demonstrated HAS 1 gene prod-slight decline in the level of mRNA for HAS 3, six hours
after the initiation of the experiment (Fig. 1 B, D). Maxi- ucts from RNA derived from human lymphocytes (data
not shown).mal reduction of HAS 3 was observed after 24 hours (a
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Fig. 3. Elution profile of [3H]-labeled HA. [3H]-labeled HA from the
18-hour period from wounded (d) and control (s) culture experiments
as obtained in Figure 2A were chromatographed on a Sephacryl S-1000
column under dissociative conditions.
Temporal synthesis of HA in response to injury in
cultured HPMCs
To investigate the involvement of HA in wound repair
of the peritoneal mesothelium further, we next deter-
mined HA synthesis by the wounded and control cul-
tures. To achieve this, [3H]-glucosamine was added to
the CM at time zero, and the amount of [3H]-HA was
determined at various time intervals up to 120 hours.
The results are shown in Figure 2A and show that over
the initial 12-hour period, the accumulation of [3H]-HA
was similar in both the wounded and control cultures,
but thereafter, the amount of [3H]-HA extracted from the
wounded cells was increased. This increase in HA may
be due to a burst of synthetic activity by the wounded
cells between 18 and 24 hours, since from this time until
the end of the experiment the rate of accumulation ofFig. 2. Synthesis of hyaluronan (HA) by wounded HPMCs. Confluent
HA in control and wounded monolayers was similar. Tomonolayers of HPMCs were scratch wounded and metabolically radio-
labeled with [3H]-glucosamine as detailed in the Methods section. (A) confirm this, we carried out a second experiment in which
HA accumulation at the times indicated was determined according to
the cultures were pulse labeled for defined periods of 6the amount of label incorporated into papain-digested and hyaluroni-
dase-resistant [3H]-macromolecules. Each value represents the mean 6 1 hours up to 24 hours and every 24 hours thereafter, and
SD of data obtained with HPMCs isolated from three different donors. the rate of HA synthesis was determined. This result is(B) The experiment described previously was repeated, but the control
included in Figure 2B and confirms the previously men-and injured cultures were pulse labeled with [3H]-glucosamine for the
times indicated. The rate of HA synthesis is expressed as [3H]-HA tioned data that wounded cells undergo a burst of HA
dpm/h. The results are the average of two experiments from a single
synthesis between 18 and 24 hours.donor. Injured cells (j) are compared with control experiments (h).
Analysis on Sephacryl S-1000 of the [3H]-labeled HA
extracted from the control and wounded monolayers
showed no differences in their hydrodynamic size (Fig. 3).
The majority of the [3H]-labeled HA appeared near the
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Fig. 4. Localization of HA synthesis in a wounded monolayer of HPMCs. A wounding experiment was carried out, and at defined times, the cells
were stained for UDPGD activity using UDP-glucose as substrate in the presence of NAD as described in the Methods section. (a) Before
wounding; (b) t 5 zero time; (c) t 5 6 hours; (d ) t 5 12 hours; (e) t 5 24 hours; ( f ) t 5 72 hours; (g) t 5 96 hours; (h) control cells; and (i)
control cells in FCS. The photographs were taken under identical conditions with equal exposure times (magnification 3100).
void volume and therefore was considered to be of high to the CM (Fig. 6). In these experiments, the addition
of HA did not bring about proliferation of the cells.molecular mass.
HA is preferentially synthesized by the cells at the
DISCUSSIONleading edge of the wound
Here we report that direct mechanical injury of aWe next undertook experiments in order to determine
monolayer of HPMCs that results in cell migration andwhether HA synthesis or the location of HA was local-
closure of the wound initiates a substantial induction ofized to the cells within the culture or restricted to the
the mRNA for HAS 2 but not HAS 3. This event isleading edge of the wound. To achieve this, cells were
accompanied by an increase in the synthesis of HA,stained for UDPGD, an enzyme involved in the synthesis
which closely mirrors the time course for the up-regula-of HA and with HA-binding protein to localize the HA.
tion of HAS 2 mRNA. Our study also shows an increaseAt the time of wounding (t 5 0; Fig. 4), reaction product
in the staining for UDPGD, a key enzyme in the synthesisfor UDPGD was evident throughout the culture, but
of HA, as well as the deposition of HA in the cell layer.after 24 hours, a strong reaction product was observed
Since the staining for UDPGD and the location of HAat the leading edge and in cells entering the wound. This
were colocated, our findings suggest that HA synthesisenhanced activity for UDPGD was also evident at 72
is a critical event and is tightly regulated in the re-epithe-hours in the area of contact between the two advancing
lialization of the peritoneal mesothelium.edges. When probed with HABR, a similar pattern was
In contrast to the published work relating to the bio-observed for the location of HA (Fig. 5). This pattern
logical and physiological significance of HA, relativelyof staining was not observed in cultures preincubated
little is known about the mechanism(s) that regulates itswith hyaluronidase from Streptomyces sp., a hydrolase
metabolism. Three specific HA synthase genes have beenthat specifically digests HA.
identified in mammalian tissue [2]. The exact mechanism
HPMC wound closure is enhanced in the involved in the control of these genes and the significance
presence of HA of their transcription in terms of HA function have not
been elucidated thus far. Recent studies by Spicer andThe concentration of HA is significantly increased in
Nguyen [28] and Itano et al [29] have shown clear differ-the effluent collected from CAPD patients during epi-
ences between the three enzymes, including the synthesissodes of peritonitis, suggesting a possible role for this
of different size HA polymers. Thus, HAS 3 generatesglycosaminoglycan in the response to peritoneal injury
significantly shorter chains than HAS 2. This finding[19]. To investigate this, we examined the effect of HA
could be of biological significance because the size of theon the rate of cell migration in a wound of confluent
HA polymer may be an important factor in the regulationHPMCs. Exogenous HA at doses in the range detected
of cellular function. For example, low molecular massin the peritoneum of infected and noninfected fluid (50
HA appears to activate macrophages [30–32], stimulateto 3300 ng/mL) increased the rate of cells migrating into
angiogenesis [33], and modify the course of experimentalthe gap created by the scratch wound in a dose-depen-
renal allograft rejection [34]. Our studies indicate thatdent manner (Fig. 6). The prior treatment the HA with
HPMCs only express the mRNA for HAS 2 and HAS 3Streptomyces hyaluronidase abolished this HA-mediated
in the intact and injured monolayer. In the scratch woundeffect on the rate of HPMC migration. The highest dose
experiments, expression of these two genes appears toof HA investigated brought about a threefold increase
be selectively controlled since only mRNA for HAS 2in the rate of migration over control, an increase very
similar to that achieved with the addition of 10% FCS was significantly affected. Interestingly, the mRNA for
b
Fig. 5. Localization of HA in a wounded monolayer of HPMCs. A wounding experiment was undertaken, and the location of HA was determined
using biotinylated HA binding protein and visualized using alkaline phosphatase-conjugated streptavidin as described in the Methods section. (a)
Before wounding; (b) wound t 5 zero time; (c) t 5 6 hours; (d ) t 5 12 hours; (e) t 5 24 hours; ( f ) t 5 72 hours; (g) positive control of cells in
FCS; and (h) control cells treated with hyaluronidase (negative control). The photographs were taken under identical conditions with equal
exposure times (magnification 3100).
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involve interaction with the extracellular matrix. Although
many investigators have reported on the importance of
the extracellular matrix for the migration of cells, its exact
role in the peritoneum has remained unclear. One reason
is the lack of precise detail on the composition and orga-
nization of the peritoneal mesothelial matrix, in particu-
lar from studies from human biopsy material. However,
in vitro studies suggest that HPMCs, which maintain many
of the characteristic features of native mesothelial cells,
have the capacity to synthesize a number of different
matrix molecules, including collagens, fibronectin, and
proteoglycans [23, 24, 39–41]. Our previous study re-
vealed that the progress of re-epithelialization involved
the synthesis of collagen type IV, fibronectin, laminin,
and the basement membrane proteoglycan perlecan [23].
However, we were unable to detect any convincing evi-
dence at the mRNA or the protein level that in culture
mesothelial cells synthesize large chondroitin sulfate pro-
teoglycans such as versican [40]. These proteoglycans,
which are collectively referred to as hyalectins, contain
a G1 domain at their N-termini that binds HA and thus
may participate in matrix assembly and cell–cell and cell–
matrix interactions [42]. In fact, versican is associated withFig. 6. Effect of exogenous HA on the rate of migration of HPMCs
various tissues undergoing proliferation and migration.after wounding. HA (0 to 3.3 mg/mL), HA (3.3 mg/mL) predigested with
hyaluronidase, and denatured hyaluronidase were added to wounded Given that versican or similar molecules are not synthe-
cultures of HPMCs as before and the rate of cell migration determined sized by peritoneal mesothelial cells, it is anticipated thatas described in the Methods section. The effect of FCS on the rate
other interactions between HA and fibronectin, laminin,of migration is also included as a positive control. Experiments were
performed in triplicate using cells derived from three different donors. and collagen would be important in wound repair.
Results are expressed as mean 6 1 SD (N 5 3). The third possible mechanism by which HA could be
involved in our model is through its interaction with
specific transmembrane receptors such as CD44 and
RHAMM, collectively known as hyaladherins [4]. It hasHAS 3 was reduced at the time points that HAS 2 was
up-regulated. It is difficult to interpret these findings, but been reported that HPMCs express several different
functional receptors for extracellular matrix, includingbased on the studies discussed previously in this article,
one possibility is that in our model, the response to injury CD44. At present, however, there is no conclusive evi-
dence to indicate that this HA ligand is expressed onrelies on the presence of high rather than low molecular
mass HA polymers. Analysis of the molecular mass of peritoneal cells in vivo or in vitro or during migration [43].
Our preliminary studies, however, confirm that CD44 isthe secreted form of radiolabeled HA by the injured cells
provides some evidence to support this claim. expressed by the HPMCs in culture and is present at the
leading edge of the wound (data not shown). Confirma-Several reports suggest that the mRNA expression of
the HAS genes is distinct [35–37]. In addition, differences tion of the status of CD44 on these cells during mechani-
cal injury will provide a partial explanation for the rolein the expression of HAS 1 and HAS 2 in response to
transforming growth factor further suggest that these of HA in mesothelial cell migration. The presence of
CD44 is also important for other specific cell–matrixgenes are regulated separately [38]. In the present study,
the differential regulation of the HAS genes taken to- interactions, including fibronectin, laminin, and collagen
[44]. Such interactions may assume added importance ingether with the observation that HA is preferentially
synthesized by the cells at the leading edge raises the view of the involvement of these matrix components in
the response of mesothelial cells to injury [23].possibility that the changes in the expression of HAS 2
is restricted to the same cells. This implies a further level The experimental approach in our study avoids any
potential contribution from the other cells located in theof the control of the expression of the HAS genes.
Based on studies in other cells, at least three different peritoneal mesothelium under normal and inflammatory
conditions. There is, however, extensive evidence frommechanisms could explain the role of HA in mesothelial
cell migration. First HA, through its ability to bind water, clinical and experimental studies to show that a compre-
hensive cytokine/growth factor network exists within theforms hydrous channels within the extracellular matrix,
which facilitate cell migration. A second possibility would peritoneum and that this network may play a critical
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potential in joint disease and wound healing. Drugs 47:536–566,role in the ultimate function of the peritoneal membrane
1994
[reviewed in 45]. Clearly, therefore, in vivo, the potential 13. Stenfors LE: Treatment of tympanic membrane perforations with
hyaluronan in an open pilot study of unselected patients. Actacontribution from cells such as resident fibroblasts and
Otolaryngol (Suppl 442):81–87, 1987mast cells as well as infiltrating macrophages should be
14. Stenfors LE: Repair of traumatically ruptured tympanic mem-
considered. brane using hyaluronan. Acta Otolaryngol (Suppl 442):88–91, 1987
15. Hellstrom S, Laurent C: Hyaluronan and healing of tympanicThe model system that we and others have described
membrane perforations. An experimental study. Acta Otolaryngolallows compounds of therapeutic potential to be investi-
(Suppl 442):54–61, 1987
gated in the context of HPMC wound repair. Thus, our 16. Longaker MT, Chiu ES, Adzick NS, Stern M, Harrison MR,
Stern R: Studies in fetal wound healing. V. A prolonged presenceresults suggest that the coculture of wounded cells and
of hyaluronic acid characterizes fetal wound fluid. Ann Surgexogenous HA enhanced the re-establishment of the
213:292–296, 1991
monolayer. This finding may be relevant to the mainte- 17. Balazs EA, Denlinger JL: Clinical uses of hyaluronan. Ciba
Found Symp 143:265–275, 1989nance of the mesothelium in the peritoneum of patients
18. Ghosh P, Holbert C, Read R, Armstrong S: Hyaluronic acidreceiving CAPD. HA is present in relatively low levels
(hyaluronan) in experimental osteoarthritis. J Rheumatol (Suppl
in the peritoneal cavity of these patients, but during epi- 43):155–157, 1995
19. Yung S, Coles GA, Williams JD, Davies M: The source andsodes of infection it is significantly augmented [19–22].
possible significance of hyaluronan in the peritoneal cavity. KidneyOur results justify a more detailed investigation of the Int 46:527–533, 1994
role of HA in vivo, along with further studies of the 20. Yung S, Coles GA, Davies M: IL-1 beta, a major stimulator of
hyaluronan synthesis in vitro of human peritoneal mesothelial cells:mechanism(s) that controls the regulation of HAS 2 and
Relevance to peritonitis in CAPD. Kidney Int 50:1337–1343, 1996HAS 3 in HPMCs. 21. Breborowicz A, Korybalska K, Grzybowski A, Wieczorowska-
Tobis K, Martis L, Oreopoulos DG: Synthesis of hyaluronic acid
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